Kinetic studies were made on tungsten silicide chemical vapor deposition (CVD-WSix) process, focusing on the contribution of gas phase reactions. The preheating method was introduced to improve the WF6/SiH4 process and WSix films were deposited at low temperature iN 40"C. The silicon contents of deposited films by preheating procedure were richer than that of normally deposited films, and the residual fluorine concenffation at the interface between the deposited film and the subsffate was also reduced.
Introduction
Tungsten silicide (WSix) films are widely used in very large scale integrated circuit (VLSD as low resistive gate elecffodes and interconnection materialsr). They can be obtained by low pressure chemical vapor deposition (LPCVD) processes which utilize WF6/SiH4 (MS) or !\tr6lsiH2cl2 (DCS) as the source gases. MS process can deposit WSix films at relatively low temperature compared to DCS process, but the poor step coverage quality, high residual fluorine concentration, and high residual sffess of deposited films are the major drawbacks of MS process. MS process is also known for a reaction system that is likely to produce particles in the gas phase2). The particle generation was also reported during CVD-W from WF/SiI{43). These results suggest that some intermediate species formed by gas phase reactions are controlling MS process. In the present work, we have investigated the kinetics of this process and found some experimental evidences that show the contribution of gas phase reactions to this process. By introducing the preheating procedure to accelerate these gas phase reactions, the deposition temperature was decreased and the properties of deposited films were improved. 
Results and Discussions
Several deposition runs were performed to investigate the temperature dependency of step coverage profile. The partial pressures of WFu, SiH4, and Ar were fixed at 4mTorr, 400mTon, illd 2.0Torr, respectively. Figure 2 shows the sticking probability of film precursors analyzed from the step coverage profile. The reactivity of film precursors was relatively high and they had a low activation energy as 4 kcal/mol. Though an activation * present affiliation : Hitachi VLSI Engineering Corp. energy is small, the deposition rate drastically changed between 120"C and 110"C. As a result, we could not get any WSix film deposition below 110"C within a 1lmm tube, i.e., 120"C is a threshold temperature (T,J for 1 I mm tube. This phenomenon can be explained by two kinds of reaction mechanisms, the one is a radical chain reaction, the other is a self-catalytic reaction. If a radical chain reaction occurred in the reactor, the active radical species would be balanced by both producing in the gas phase and quenching at the wall of the reactor. Hence An attempt was made to accelerafe the gas phase reactions by adding preheating zone in the reactor. Low temperature deposition, as low as 40"C, was achieved by 360"C preheating treabnent, also shown in Table 1 . The low temperature deposition at 40"C were also accomplished with 130"C and 240"C preheating furnace. The sticking probabilities with different SA/ ratio or preheating procedure is also plotted in Fig.2 for MS processs). However, the films deposited at 40oC after 360oC preheating contain ten times as much as that of the others. It suggests that the residual fluorine concentration was not controlled by gas phase reaction, but some surface reactions, which should be enhanced between 40"C and 150"C, dominated the fluorine concentration. Figure 5 shows the segregation ratio of the residual fluorine defined as the fluorine concentration at the interface to the bulk. The preheating method and the reactor size control contribute to reduce the segregation ratio. The residual fluorine in WSix films at the interface causes peeling and deteriorate the capacity of gate elecffode6). The control on gas phase reactions is one of the successful way to improve these problems.
Conclusion
The WSix films with suitable composition and low interface fluorine concentration can be deposited at relatively low temperature by controlling the gas phase reactions. The 
